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* Biocomplexity Institute at the University of Virginia
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interactive systems and solve societal problems

* Over 20 years of crafting and analyzing infectious
disease models
* Pandemic response for Influenza, Ebola, Zika, and others
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Overview

* Goal: Understand impact of COVID-19 mitigations in Virginia
* Approach:

* Calibrate explanatory mechanistic model to observed cases

* Project infections through December
* Consider a range of possible mitigation effects in "what-if" scenarios

* OQutcomes:
* ||, Confirmed, Hospitalized, ICU, Ventilated, Death
* Geographic spread over time, case counts, healthcare burdens
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Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

Virginia continues steady growth recording highest case rates of epidemic

VA mean weekly incidence (16.8/100K) is up again (from 14.8) though slower than nationally (46/100K
from 34/100K).

Projections are mostly up, showing potential for strain on health care system in some regions as early
as December.

Recent updates:
* Horizon extended to March 15t
* Preliminary results of ensemble of forecasting models included

* Planning scenarios and case ascertainment rates remain as updated in previous weeks

The situation is changing rapidly. Models will be updated regularly.
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Situation Assessment
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Case Rate (per 100k) by VD

Mixed trends in case rates

* Some increased activity in all regions, with only a few
districts showing declining activity

* Some districts remain steady but at high levels of
incidence

» Southwest continues to have strong surges
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Test Positivity by VDH District
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District Trajectories

Hockey stick fit
. . . . . Portsmouth
Goal: Define epochs of a Health District’s COVID-19 incidence o= T
to characterize the current trajectory e I
Method: Find recent peak and use hockey stick fit to find ' i
inflection point afterwards, then use this period’s slope to ?
define the trajectory ] e - o

Apr
2020

L Weekly Case Rate # Districts
Description
(per 100K) bounds (last week)
Declining Sustained decreases following a recent peak below -0.9 2 (5)
Steady level with minimal trend up or down above -0.9 and below 0.5 8 (10)
Sustained growth not rapid enough to be considered 2bove 0.5 and below 2.5 17 (17)
a Surge
Currently experiencing sustained rapid and
In Surge significant growth 2.5 or greater 8(3)
il UNIVERSITYsVIRGINIA
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District Trajectories

# Districts
(last week)

2 (5)
8 (10)
17 (17)

8 (3)
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Estimating Daily Reproductive Number

October 31t Estimates

, Diff Last T
Region Current R, Week
State-wide 1.005 -0.082 -
Central 0929  -0.151
Eastern 1.100 0.054
Far SW 0.986 -0.380
Near SW 0.952 -0.072
Northern 1.060 -0.032 TR TR T R T R T R TR TR TR T R e e
Northwest  1.000 -0.074

Methodology

* Wallinga-Teunis method (EpiEstim?) for cases by date of onset
* Serial interval: 6 days (2 day std dev)

* Recent estimates may be unstable due to backfill

1. Anne Cori, Neil M. Ferguson, Christophe Fraser, Simon Cauchemez. A New Framework and Software to Estimate Time-Varying Reproduction Numbers During
13-Nov-20 Epidemics. American Journal of Epidemiology, Volume 178, Issue 9, 1 November 2013, Pages 1505—1512, https://doi.org/10.1093/aje/kwt133 10
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Changes in Case Detection

Timeframe
(weeks)

April (13-16)
May (17-21)
June (22-25)
July (26-30)

Aug (31-34)

Sept (35-38)

8.6
5.6
6.0
6.3
4.8
4.4

Mean
days

% difference
from overall
mean
50%

-1%

5%

10%
-16%
-23%

Oct (39-42) <y}

-27%

5.7

Overall (13-42)

0%

Number of Testing Encounters by Lab Report
Date - All Health Districts, PCR Only
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Test positivity vs. Onset to Diagnosis
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Mask usage in Virginia
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State level mask usage as reported via Facebook surveys over though data quality may be affected by sample sizes.
the past month shows ranges from 83% to 89%

w
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* Relatively stable over time Correlations seen at

* Limited variance across the commonwealth national level with mask

* ~3000 daily responses from VA use and case rate not
emerging across VA
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Race and Ethnicity Attack Rates (per 100K)

Cumulative Race and Ethnicity Attack Rates (per 100k)
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Race and Ethnicity cases per 100K
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Case Rate per 100K

Rates per 100K of each Racial-Ethnic population

by Health District

e Each Health District’s Racial-Ethnic population is
plotted by their Hospitalization and Case Rate

* Points are sized based on their overall
population size

* Overlapping labels removed for clarity
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Impact across Density and Income

VDH 7-day moving average rate of new COVID-19 cases by zip code

average household income (dollars/ household years) quantile
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All zipcodes show steady growth, with lowest incomes

showing the most rapid upticks
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VDH mean cases per 100k by zip code populaticn density (person/ sq mile)
and average household income (doellars/ household years} quantiles
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Full evolution of pandemic, shows shifts from denser and
wealthier zip codes to poorer and less dense zip codes,
followed by a repeat of the pattern. Recently see an
uptick across the spectrum of density and income
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Growth Associated with Temperature and Humidity

State Level Correlations

0.6 4

State Level Correlations
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Fall Average State Temperatures 024

0.1+

DegreesF 0.0 -

éw” Min Mean  Humidity Mask Grocery  Transit
i temp temp Usage Mobility  Mobility
CurrentResults.com Wl «-¢5
s
-7

https://www.currentresults.com/Weather/US/state-temperature-maps-seasonal.php

e As weather cools and humidity drops, COVID-19 survival and chance of transmission may rise

* Correlations with other factors are also strong for R (0, 7, 14 day delay) and confirmed cases (7 and 14 day delay)

Weather variables better correlation with R estimates, while mobility and mask usage correlate well with case rates
fili UNIVERSITY/VIRGINIA
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Zip code level weekly Case Rate (per 100K)

Case Rates in the last

Week by Z|p COde Rank Zip Code Name Prevalence P0|nt Prevalence by le Code Point Prevalence
. 1 22729 Mitchells 12,260 (2020-11-08) ' High : 3000+
* Concentrations of very 2 24422 Clifton Forge 3,450 ~ 2000
high prevalence in some 3 22846 Penn Laird 3,220 -
zip codes 4 24263 Jonesville 3,180 |
5 24219 Big Stone Gap 2,840 Low:0
) Units = Active Cases / 100,000
* Trend back towards very © 24083 Dalevile 00 Contains
hich rates in a f . 7 22709 Aroda 2,350 | Suppressed*
IgN rates |.n d Tew zZIps 8 24016 Roanoke 2260 Data
and lower in 9 23801 Fort Lee 2,050
Su rrou nd i ng a reas 10| 24]25?'FOTt Blackmore , 1,890

Southwest has
considerable
concentration of high
prevalence zips

Some counts are low

and suppressed to

protect anonymity, those <—=
are shown in white
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Risk of Exposure by Group Size

Case Prevalence in the last week by zip code used to calculate risk of encountering
someone infected in a gathering of randomly selected people (group size 25 or 50)

* Assumes 3 undetected infections per confirmed case (ascertainment rate from recent seroprevalence survey)
* Moderate risk for groups of 50 across the commonwealth, especially in the southern half of the state

* Some zip codes have high likelihood of exposure even in groups of 25

Likelihood of 21 Infected Members ] Likelihood of 21 Infected Members L]
(Group of 25) g (Group of 50) ok

. 75% 0 . 75%
L % o ‘T, - L %
e O

Based on zip code point prevelence for week ending 2020-11-08 Based on zip code point prevelence for week ending 2020-11-08

13-Nov-20 BIOCOMPLEXITY INSTITUTE v



Zip code level weekly Case Rate (per 100K)

Northwest North Eastern
VDH Region 1 — VDH Region 2 | KingGeerseg VDH Region 5
Likelihood Likelihood Likelihood
High : 1 High : 1 i' - High : 1
I 75% I 75% I 75%
- 50% - 50% . 50%

- 25%

Low:0

Shenundoh

Far Southwest

VDH Region 3 East
Likelihood
- High: 1

DH Region 4
Likelihood
High : 1

VDH Region 3 West
Likelihood
High : 1

I 75%
- 50%

- 25%

.Low:D
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Zip Code

Previous weeks

Point Prevalence Hot Spots by Zip Code
(2020-08-15) !

Getis-Ord Gi* HotSpots
B cold Spot - 99% Confidence
. Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant
Hot Spot - 90% Confidence
I Hot Spot - 95% Confidence
I Hot Spot - 99% Confidence

frrecencio,  /
iy

ot Spots

Hotspots across commonwealth
* Concentrated in the Far Southwest

e Captures some very high prevalence rates in some zips

Spot Zip Code Name Conf. Point Prevalence Hot SpOtS by Zip Code Getis-Ord Gi* HotSpots

1 22729 Mitchells 99% (2020-11-09) B cold Spot - 99% Confidence
2 24422 Clifton Forge 99% I cold Spot - 95% Confidence
3 24263 Jonesyille 99% Cold Spot - 90% Confidence
4 22846 Penn Laird 99% Not Significant
5 24219 Big Stone Gap 99% Hot Spot - 90% Confidence

A 0,
8 21288 Daipulc 99% [ Hot Spot - 95% Confidence
7 23952 Lunenburg 99% B Hot Spot - 99% Confid

ot Spot - onfidence

8 24016 Roanoke 95% P °
9 23801 Fort Lee 90%
10 22709 Aroda 90%

Hot Spot
Significance
99%
95%
90%

# of Zips
(last week)
7 (5)

1 (4)

2 (1)

Reported in order of statistical significance.

Northampton

Grayson

il UNIVERSITY VIRGINIA

13-Nov-20

21

BIOCOMPLEXITY INSTITUTE



13-Nov-20

Model Update — Adaptive Fitting

il UNIVERSITY, VIRGINIA

BIOCOMPLEXITY INSTITUTE

22



Adaptive Fitting Approach

Each county fit precisely, with recent trends used for 5 Fairfax County 21059
future projection 0]

25

* Allows history to be precisely captured, and used to guide bounds o
on projections s |

Model: An alternative use of the same meta-population  *]

model, PatchSim
FEI-b M:ar ﬁqI:-r M.Iay Juln Jull

* Allows for future “what-if” Scenarios to be layered on top of 2020
calibrated model

* Eliminates connectivity between patches, to allow calibration
to capture the increasingly unsynchronized epidemic

date

External Seeding: Steady low-level importation S e (V) AL
* Widespread pandemic eliminates sensitivity to initial 7 i ' g *
conditions ., )k !
* Uses steady 1 case per 10M population per day external Dl Dyarics BpsaaaSate 1+
Seeding Susceptible = . —; IIn_.fe::{tious =% Removed
i UNIVERSITY¢/ VIRGINIA
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Seroprevalence updates to model design

VA Seroprevalence Data

Several seroprevalence studies provide better

August 2020
picture of how many actual infections have e
occurred v .
. . . . 0 . . . Number of Estimated Infections / 3‘1:% T\W;J /{?w

* Virginia Serology Study estimated 2.4% of Virginians ) PP o= =

estimated infected (as of Aug 15%) >~ \

101,756

CDC Nationwide Commercial Laboratory Seroprevalence

Survey estimated 3.9% [1_7% - 7_]_%] seroprevalence as https://covid.cdc.gov/covid-data-tracker/#national-lab

of Aug 15 (still no updates on these data from CDC) Virginia Coronavirus Serology Project

Interim findings by region and statewide - July 22, 2020

These findings are equivalent to an ascertainment ratio - weigmdprmlm
of ~3x, with bounds of (1x to 7x [ e
’ ( ) Reglon P::r::’l:ng ;;Isl;;\dlz participants

* Thus for 3x there are 3 total infections in the population B 2.0 0353
E ]
[ ]

for every confirmed case er— 819 36 li li (:: ::

* Uncertainty design has been shifted to these bounds :: 1; ;: ?:
(previously higher ascertainments as was consistent 33 7 22 24 0sad
earlier in the pandemic were being used) S0 mato s popaton e

il UNIVERSITYof VIRGINIA hitps:/funi-vdhvirginiz gov/content/uploads/sites/8/2020/08/VOHSerology-Projects-Update-8-13-2020.pf
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Calibration Approach

* Data:

* County level case counts by date of onset (from VDH)

* Confirmed cases for model fitting

Calibration: fit model to observed data

* Tune transmissibility across ranges of:

full trajectory of the outbreak

* Project: future cases and outcomes using the most recent parameters

Duration of incubation (5-9 days), infectiousness (3-7 days)
Undocumented case rate (1x to 7x) guided by seroprevalence studies

Detection delay: exposure to confirmation (4-12 days)

e Approach captures uncertainty, but allows model to precisely track the

with constraints learned from the history of the fit parameters

13-Nov-20

Mean trend from last 7 days used, adjusted by variances in the previous 3 weeks
1 week interpolation to smooth transitions in rapidly changing trajectories
Particles with high error or variance filtered out

il UNIVERSITY, VIRGINIA
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k" 2okl COVID-19 in Virginia: Cases Y/ Hete

Dashboard Updated: 11/10/2020
Data entered by 5:00 PM the prior day.

Total Total Total
Cases* Hospitalizations** Deaths
194,912 13,183 3,726
Confirmed+t Probablet Confirmedt Probablet Confirmed+ Probablet
178,432 16,480 12,996 187

3460 266
Select Measure Counts of
(Affects Map and Bar Chart) Cases

(Affects Map)

@ Cases [s-16 ® Counts
Hospitalizations W67 Rates per 100,000
Deaths W 68-276

2771127 Rates that are based on counts les:
than 15 should be in rpretai with
= 1128 - 4599 caution
4600+ ,/

/,

Illness may not have been reported yet.

Select Region
(Affects Bar Chart)
(am

Number of Cases by Date of Symptom Onset
Number of cases by the day closest to when symptoms began.

1400 . Confirmed Cases

. Probable Cases
1200

7-day moving average

1000
800
600
400

200

0

“|l~ I | I i
|||||‘||‘|| il

ar 1 Apr 1 May 1 Jun 1 Jul'l Aug 1 Sepl Oct 1 Nov 1

Accessed 3:30pm November 10, 2020

https://www.vdh.virginia. gov/coronawrus/

25
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Select Counts or Rates


https://www.vdh.virginia.gov/coronavirus/

Scenarios — Seasonal Effects

e Societal changes in the past month have led to an increase in
transmission rates, these could continue to drive transmission
* Seasonal impact of weather patterns
* More interactions at places of learning
* Travel related to holidays and traditional large family gatherings
* Fatigue with infection control practices

* Population’s behaviors determine the level of control of transmission
we can achieve

* Three scenarios capture possible trajectories starting Nov 26", 2020
* Adaptive: No change from base projection
» Adaptive-MoreControl: 15% decrease in transmission starting Nov 26", 2020
» Adaptive-LessControl: 15% increase in transmission starting Nov 26", 2020

UNIVERSITYs VIRGINIA
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Model Results

il UNIVERSITY, VIRGINIA

BIOCOMPLEXITY INSTITUTE

27



Daily Confirmed cases

O U tCO me P rOJ - Ct| ons Estimated Hospital Occupancy

Virginia: Daily Total Confirmed Hospitalized Versus Sim - 8 Day Rolling
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District Level Projections: Adaptive

Adaptive projections by District
* Projections that best fit recent trends

* Daily confirmed cases rate (per 100K)

by Region (blue solid) with
simulation colored by scenario
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District Level Projections: Adaptive-MoreControl

Adaptive projections by District
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District Level Projections:

Adaptive projections by District

Adaptive-LessControl
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Hospital Demand and Bed Capacity by Region
Capacities* by Region — Adaptive-LessControl :
COVID-19 capacity ranges from 80% (dots) to 120% (dash) of total beds Week Ending | Adaptive Adaptive-
2.5K ———— L Eastern PUpp— | LessControl
8 2.0k] #0] 11/1/20 8,177 8,177
15K 15K $00.0 11/8/20 9,353 9,353
E I Lok, 11/15/20 10,587 10,584
w/ 11/22/20 12,235 | 12,213
= ol LSS ol 11/29/20 14,218 14,182
. ‘Ne;‘:lr E;W - a 'No;‘the'rn - Northwest 12/06/20 16'179 17'312
o L2Ky o I 1< 12/13/20 17,979 21,465
2 10k 20K 1.0K- 12/20/20 19,589 25,252
: 15K so.0] 12/27/20 20,922 | 28,959
; . PO a0 931 2 623
2 50001 250.0w’/\ 1/10/20 22,945 36,403
) e T e 1/17/20 23,845 40,045
W Wiodeel 0°‘\~\°“oe;\g§«f<@° W Whodee? 0°‘\~\°“o‘i\§f,,\v<@° e \"\w%e"oc"»\O"Oe;?L\we"

If Adaptive-LessControl scenario persists:
* Far and Near Southwest may begin to exceed initial capacity in early December, Eastern in January
* Northern could surpass initial capacity mid-Dec, surge capacity in early Feb

il UNIVERSITYVIRGINIA
* Assumes average length of stay of 8 days
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Additional Projection Methods Applied

An ensemble methodology that combines the Adaptive Fitting and other machine
learning and statistical models has been developed to facilitate use of other data
(weather, mobility, etc.)

 Models: Adaptive Fitting, ARIMA, LSTM, AR, spatially driven AR, Kalman Filters (ENKF)

* Ensemble will be folded into these projections after further training and evaluation
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Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

Virginia continues steady growth recording highest case rates of epidemic

VA mean weekly incidence (16.8/100K) is up again (from 14.8) though slower than nationally (46/100K
from 34/100K).

Projections are mostly up, showing potential for strain on health care system in some regions as early
as December.

Recent updates:
* Horizon extended to March 15t
* Preliminary results of ensemble of forecasting models included

* Planning scenarios and case ascertainment rates remain as updated in previous weeks

The situation is changing rapidly. Models will be updated regularly.
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Points of Contact

Bryan Lewis
brylew@virginia.edu

Srini Venkatramanan
srini@virginia.edu

Madhav Marathe
marathe@virginia.edu
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ChrisBarrett@virginia.edu
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Mask usage sample sizes
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Test positivity across VA counties

Oct-14 Oct-21 Oct-28 Nov-04

County Oct-14 Oct-21 Oct-28 Nov-04
Alleghany County County
Bedford County Ambherst County Yellow

Botetourt County  Yellow Yellow Bedford County
Bristol City

* CMS weekly summary (used for guiding
nursing homes testing protocol)

Carroll County

Bristol City
Campbell County
Charlotte County

Craig County
Charlotte County

* Data: COVID-19 Electronic Lab Reporting e iy
(CELR); HHS Unified Testing Dataset;

Franklin City

Franklin County

Greensville County
Franklin County Henry County

* County level testing counts and test
posﬂmti rates for RT-PCR tests. o

e e o . T Martinsville City
: Test positivity <5.0% or with <20

e S S | n p a St 14 d ays Martinsville City Prince George County

Prince George County

* Yellow: Test positivity 5.0%-10.0% or with P vilar County, NI
<500 tests and <2000 tests/100k and >10% putaskicounty [JETERRY veon

Radford City  Yellow Southampton County

OSitiVity Over 14 days Roanoke City Yellow Yellow Suffolk City Yellow  Yellow Yellow
[ ] h

Roanoke County

Rockingham County Yellow  Yellow

Scott County

: >10.0% and not meeting the criteria Washingion Cousty

Rockingham County

or “Green” or “Yellow”

Scott County

Red on Oct 14 (4-week back)

Tazewell County
‘Washington County

Wise County

https://data.cms.gov/stories/s/q5r5-gjyu

Red on Nov 04 (latest)
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https://data.cms.gov/stories/s/q5r5-gjyu

Agent-based Model (ABM )

EpiHiper: Distributed network-based stochastic disease transmission simulations
* Assess the impact on transmission under different conditions

* Assess the impacts of contact tracing

Detailed Disease Course of COVID-19

» Literature based probabilities of outcomes with
appropriate delays

* Varying levels of infectiousness

* Hypothetical treatments for future developments

Synthetic Population
* Census derived age and household structure
* Time-Use survey driven activities at

appropriate locations _
ik UNIVERSITYs VIRGINIA
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ABM Social Distancing Rebound Study Design

Study of ”"Stay Home” policy adherence
Calibration to current state in epidemic
* Implement “release” of different proportions of people from’ staymg at home”

mber by of abandoning Stay at Home

daily new cases (doubling time = 4, serial interval = 7, peak 887 around 2020-05-12) 354
A Remammg Compllant
[\
with stay at home

date best case best guess worst case R
1 2020-05-10 664 852 1079 0.95
2 2020-05-17 666 841 1093 0.91
3 2020-05-24 617 768 1111 0.80
4 2020-05-31 547 705 1064

Impacts on Reproductive number with release
Calibration to Current State » Afterrelease, spike in transmission driven by additional interactions at work,

e Adjust transmission and adherence to current policies to retail, and other
* At 25% release (70-80% remain compliant)

current observations
*  For Virginia, with same seeding approach as PatchSim « Translates to 15% increase in transmission, which represents a 1/6t return
to pre-pandemic levels
13-Nov-20 il UNIVERSITY, VIRGINIA i
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Medical Resource Demand Dashboard
https://nssac.bii.virginia.edu/covid-19/vmrddash/

Unves:

siocompiexiy merirure  COVID-19 Medical Resource Demand Dashboard - Virginia f 8 lin) | @Tutorial || Surveillance Dashboard

. ] Search Region. Comma separated nz | © | usry |
== Percentage of Occupied Beds
Habird |

Newark v Demand Forecast for Near SW

Lancaster

Cambersburg

Lancaster f < =

Morgantow umberlard g Hagerstown

Famont
Martinsbun

' » Frederick
Parkersburg Clarksbug v / Baltimore |
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Charleston
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speg peidnaoQ Jo eBejusaleg

—
Kingsport

Johnson City
( Projected Demand
o)
Ty | = Winston-Salem -
190-99.99 Durham

100- 119.99 High Point Rocky Mount
120 - 120.09

b & Ralesgh Weekly Hospitalizations Percentage of Occupied Beds

boro

to convey relative trends for comparative purposes only, and should not be taken as
.
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